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tilage exhibits lower PG concentration than the deep tissue. 
Further, in most samples a decrease in T1 near the cartilage-bone 
interface was observed, also in agreement with the literature on 
PGs. 
Conclusions: The results suggest that changes in the spatial 
variation of PG concentration may be revealed non-invasively 
using the present MRI technique. While work on the quantitative- 
ness of the technique is yet necessary, dGEMRIC appears as a 
promising technique for the assessment of spatial changes in PG 
content, and is a potential tool for the detection of early OA. 
PA58 
A NOVEL METHOD FOR FAT SUPPRESSION DURING 
"T 1--WEIGHTED MRI 
A [~'orthakur EM Shapiro, SR Charagundla, JB Kneeland, 
R. Reddy 
Department of Radiology, University of Pennsylvania, 
Philadelphia, PA, USA 
Purpose: To determine the efficacy of a novel method to sup- 
press the contribution from fat/lipid signal during T 1p-weighted 
MRI. 
Introduction: The spin-lattice relaxation time in the rotating 
frame, or T lo  provides an alternative contrast mechanism than 
conventional'Tr- and T2-based MRI methods. This parameter is 
dependent on the macromolecular environment of the water in 
the tissue and therefore may be used to map proteoglycan con- 
tent in articular cartilage. During musculoskeletal imaging howev- 
er, fat suppression techniques must be employed to increase the 
contrast between the water-abundant tissues of interest (such as 
cartilage) and fatty tissue (e.g. bone marrow). 
Methods: A three-pulse (900-spinlock-900) TID pulse cluster 
was pre-encoded to a conventional 2D fast ~pin-echo (FSE) 
imaging sequence. Fat suppression was achieved by setting the 
length of the spin-locking pulse such that the fat spins are 900 
out of phase from the water spins at the end of the pulse. The util- 
ity of the pulse sequence was demonstrated by obtaining images 
of a water and vegetable oil phantom and in vivo in the human 
wrist joint on a 1.5 Tesla GE Signa MR scanner. For comparison, 
unsuppressed Tlp,-weighted images were obtained by setting 
length of the spin-locking pulse to the time when fat and water 
spins are in phase. Simulations of the BIoch equations were per- 
formed to determine dependence of the fat signal on the imaging 
parameters. 
Results: The images of the phantoms show a marked decrease 
in the signal intensity of the vegetable oil phantom in the unsup- 
pressed (7600 a.u.) and fat suppressed (1300 a.u.) images while 
the water signal remained relatively unchanged. The average 
background signal was 1000 (a.u.) in both images. Employing our 
technique in imaging the wrist joint significantly reduced the fat 
signal from the bone marrow in the small bones of the wrist. We 
confirmed our results with simulations of the Bloch equations for 
the pulse sequence response. 
Conclusion: We have demonstrated the efficacy of a novel pulse 
sequence to suppress the contribution from the fat/lipid signal in 
T 1 p-weighted MRI. The sequence achieved an additional 80% or 
more reduction of the overall fat signal compared to the non-sup- 
pressed T 1 p image. 
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Purpose: To demonstrate the glycosaminoglycan (GAG) 
induced changes in T 1D-(spin-lattice relaxation in the rotating 
frame) dispersion imagirig in articular cartilage at 4T. 
Methods: T1D imaging experiments were performed on a 4 Tesla 
whole body GE Signa scanner (General Electric Inc., WI). An 11 
cm diameter birdcage coil, tuned to 170 MHz, was employed for 
T1P experiments. The pulse sequence used for T 1D was a Fast 
Sp~n Echo (FSE) sequence pre-encoded with a puls~cluster con- 
sisting of two hard 90 o degree pulses separated by a low power 
rectangle pulse for spin-locking. Fresh bovine patellae were 
degraded in 0.1mg/ml trypsin solution in phosphate buffered 
saline (PBS) for a period of 6 hours. TID images were obtained 
every two hours to monitor the sequentfal changes in T1D relax- 
ation with degradation. T1D maps were computed by fitting the 
intensity of the T 1 p-weight'ed image pixel intensity as a function 
of length of the spin-lock pulse to an appropriate xpression, so 
that each pixel in the T 1 p map represents a T 1 p relaxation value. 
Results: The Tlp values increased with spin-lock frequency and 
plateaued between 750-1000 Hz. There is a linear decrease in 
T 1 p relaxation rate as a function of GAG depletion in cartilage. A 
higher signal intensity present in the map of the GAG depleted 
patella was due to the longer T 1 p compared to that of the con- 
trol patella. Average T lo  was calculated from several pixels in a 
region of interest. The Tlp numbers are highest in the superficial 
zone and decrease towards the middle zone and again show an 
increasing trend towards the subchondral bone. This variation in 
T 1 p seems to closely follow the GAG distribution across the car- 
tilage. 
Conclusions: The linear change in T lp as a function of percent 
GAG loss implies that T 1D imaging can be used to map the GAG 
distribution in cartilage. As the early osteoarthritic hanges are 
primarily accompanied by the decreased GAG, this technique has 
potential in measuring and monitoring the early degenerative 
changes in articular cartilage. 
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Purpose: To develop a methodology to quantify the absolute gly- 
cosaminoglycan (GAG) maps from proton T 1 p (spin-lattice relax- 
ation in the rotating frame) imaging data. 
Methods: The methodology was tested on chondroitin sulfate 
(CS) phantoms and bovine articular cartilage. Seven CS phan- 
toms were made with concentrations of 2,4,6,8,10,15 and 20% in 
phosphate buffered saline (PBS). Four fresh bovine patellae were 
depleted with a fresh degradation media containing 0.1mg/ml 
trypsin in PBS. The amount of GAG depleted from cartilage was 
measured using dimethyl-methylene blue (DMMB) assay. All the 
T1D- weighted images were obtained on a 4 Tesla whole body 
Sig'na Scanner (General Electric, WI) using a 10 cm diameter bird- 
cage coil. A series of T 1 D-weighted images at different spin-lock- 
ing length ('rSL) were'obtained using a fast spin echo pulse 
sequence pre-encoded with a three pulse spin-lock cluster. T lp  
weighted images were acquired on control patellae before pro- 
ceeding for degradation. T 1p-relaxation rates were computed by 
fitting the image data (pixel-by-pixel) toan appropriate theoretical 
expression. 
Results: From the concentration dependent Tlp measurement 
we measured the CS and GAG relaxivity (Rl ) Regression analy- 
sis of the data shows a strong correlat ionq~~ =0.97) between 
[CSIIIGAG] and TI relaxation rate. The [CS]/[GAGJ was comput- 
ed by substituting the relaxivity and relaxation rate data in an 
appropriate linear relaxivity equation. There are excellent agree- 
ments between the calculated [CS] from Tl method and the 
actual [CS] phantoms as well as between ca&lage [GAG] meas- 
ured from DMMB assay and that calculated from Tlp-images. 
Conclusions: Proton T1 F! maps can be used to quantify cartilage 
GAG maps in a noninvaswe and nondestructive manner. 
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Aim: Anterior cruciate ligament transsection (ACL-T) is an estab- 
lished method to induce experimental knee arthritis. The present 
study investigated the effects of hyaluronan (HA, Supartz@) on 
the afferent activity from rabbit knee joints treated by ACL-T. 
Methods: ACL-T was carried out on the left stifle joints of 112 
adult male Japanese white rabbits. Starting 1 week after the 
ACL-T, rabbits received intraarticular injection of HA 
(0.25mg/25hlitre/kg, 0.5mg/50hlitre/kg and l.Omg/lOO hlitre/kg) 
or phosphate buffered saline (PBS) once a week for total trial of 5 
weeks. One week after the final injection, the rabbits were decer- 
ebrated and analysis of joint afferents was performed. The left 
hind foot was attached to a continuous passive motion (CPM) 
apparatus which automatically moves the knee joint over a range 
of 10 to 70 with an angular velocity of 32 /s. Afferent activity of 
the medial articular nerve (MAN) was recorded using a bipolar sil- 
ver recording electrodes during rest and during CPM. MAN activ- 
ity was quantified by counting the total number of spikes every 
1.0 second. 
Results and Discussion: Afferent activity of the knee joint was 
significantly increased by ACL-T. Treatment with HA reduced sen- 
sory afferent activity in the knee joints induced by ACL-T in a 
dose-dependent manner. When high-dose HA was used, activi- 
ties during rest and during CPM was 35% and 44% of that in the 
PBS group, respectively. The present study suggested that HA 
may suppress degeneration of articular tissue and/or sensitiza- 
tion of joint receptors. 
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Aim: The aim of this study was to follow the expression of chon- 
droadherin (CHAD) in mouse knee joints in normal and transgenic 
Dell mice during knee joint degeneration and aging. 
Methods: Transgenic Dell mice harbor extra copies of proal type 
I1 collaaen transaene with a short deletion mutation. As a conse- 
quenci, early ogset osteoarthritis develops in their knee joints. It 
is initiated at the age of 3 months by superficial fibrillation, and is 
progressed to an end stage osteoarthritis by the age of 9-15 
months. For this study, knee epiphyses were collected at 6 check 
points between 2 and 15 months of age from Dell mice, and from 
their nontransgenic littermates (controls). Total RNA was extract- 
ed and Northern analysis was used to follow the changes in 
CHAD mRNA levels. lmmunohistochemistry was used to deter- 
mine the protein distribution in normal and osteoarthritic articular 
cartilage. 
Results: CHAD mRNA levets were up-regulated in Dell mice at 
the age of 3 and 4 months, i.e. at the onset of osteoarthritic 
lesions in Dell mice. At 3 months, major immunostainin~ for 
CHAD was seen in the intermediate zone of uncalcified articular 
cartilaae. mainlv in the interterritorial matrix. From 6 months 
onwar& major'staining was seen in the calcified cartilage, with 
higher staining in the territorial than in the interterritorial matrix. 
Similar distribution patterns were seen in calcified cartilage of 
control mice, but at a much lower intensity. 
Conclusions: The results demonstrate up-regulation of CHAD 
mRNA and increased protein deposition in the superficial articu- 
lar cartilage matrix of Dell mice at the onset of cartilage degener- 
ation, and later in the calcified articular cartilage. Earlier function- 
al studies have shown that CHAD binds to collagen and promotes 
chondrocyte attachment on surfaces via a2bl integrin. In Dell 
mice up-regulation of CHAD production may result from attempts 
of chondrocytes to stabilize the extracellular matrix of degenerat- 
ing cartilage. 
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Aim: The aim of the study was to evaluate the role of the extra- 
cellular matrix (ECM) in promoting chondrocyte survival via sig- 
nals through integrin receptors. 
Methods: Chondrocytes were isolated by enzymatic digestion 
from human normal ankle and osteoarthritic knee cartilage. 
Survival was measured using fluorescent labels in monolayer or 
in suspension culture. Quantitative ELlSA was used to demon- 
strate apoptosis. 
Results: Freshly isolated chondrocytes died when plated in 
serum free media on polylysine but showed >90% survival on 
fibronectin (FN). An a5-integrin blocking antibody significantly 
inhibited chondrocyte survival in cells plated on FN. The anti-a5 
antibody also reduced survival of cells cultured in alginate sus- 
pension compared to control antibodies and anti-aV, at, and or2 
integrins. 1x5-antibody treatment resulted in cell death in a dose- 
dependent manner, with 50 mg/ml antibody reducing the survival 
to 11 5% of controls in normal and to 3% of controls in OA chon- 
drocytes. Addition of IGF-1 or 70% FBS partially compensated 
for the a5 inhibition in normal chondrocytes (2.4 and 4.8-fold 
increase in survival). IGF-1 had no effect on OA chondrocytes, 
while 10% FBS promoted survival (2.9 -fold increase). When 
more ECM was present on culture day 7 significantly less cell 
death was detected in both normal and OA chondrocytes with 
a5-antibody treatment compare with day 1 (normal 31.7% of con- 
trol survival, OA 22.3% of controls). Cell death was associated 
with apoptosis. 
